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The cathodic activation was performed by continuously discharging a working electrode loaded with SA900Z at -2 V vs. saturated calomel electrode (SCE) for 4 h in H 2 SO 4 (0.1 M). A Pt wire or a graphite rod was used as the counter electrode and the HER performance of carbon catalysts resulted from both counter electrodes did not show much difference. The resulting material was denoted as SA900ZC. The electrode was immersed in DI water (50 mL) with stirring for 3 times to clean the material before it was used for HER performance testing and other characterization. After the cathodic activation, the H 2 SO 4 electrolyte solution was also centrifuged at 50,000 g for 30 min. No solid residues were found. Thus we assumed the weight loading of SA900ZC on the electrode was similar to that of the SA900Z electrode.
Furthermore, reduced graphene oxide (rGO) and nitrogen doped graphene (NG) were also prepared from graphene oxide (GO) as reference catalysts. GO was synthesized following a modified Hummers' method reported elsewhere. 1 GO was carefully dialyzed to remove metal ion contamination before use. rGO was obtained by first hydrothermal treatment of GO solution (1 mg/mL) at 180 °C for 12 h. The resulting rGO hydrogel was then freeze-dried, and further thermally reduced at 900 °C in flowing Ar (100 sccm, 99.99%) for 3h. NG were prepared by a similar procedure as that used for rGO, except that urea (500:1 in weight ratio over GO) was added in the hydrothermal treatment.
Physicochemical characterization of carbon catalysts
Physicochemical properties of the synthesized carbon materials were characterized by a comprehensive set of techniques. The surface morphology was examined by field emission scanning electron microscope (FE-SEM, Jeol, JSM-6700F). Elemental analysis S4 was carried out by Energy-dispersive X-ray spectroscopy (EDX) using the same FE-SEM.
Their specific surface areas were measured using a surface area analyzer (QuantaChrome, Autosorb-6B) and calculated by the Brunauer-Emmett-Teller (BET) method. Pore diameter distribution was calculated from the N 2 physisorption isotherms using the Barrett-Joyner-Halenda (BJH) method. Raman spectra were recorded on a Raman microscope (Renishaw inVia) in the backscattering configuration under a 633 nm (1.96 eV) laser. The chemical composition of the material surfaces and heteroatoms was analyzed by X-ray photoelectron spectroscopy (XPS, Thermo Scientific, K-Alpha spectrometer) equipped with an Al-Kα (1486.3 eV) radiation source.
Cell fixation for SEM
Cell fixation was performed by drop casting a drop of bacteria saline suspension on a cleaned Si wafer. After drying, small amount of DI water was applied to remove salts.
The wafer was then immersed in 2.5% glutardehyde water solution for 60 min at room temperature. After washing with DI water and drying, cells were dehydrated by 5 min washing using 50, 60, 70, 80 and 90 wt% ethanol water solution consecutively and finally immerse in absolute ethanol for 10 min. After drying under ambient environment, the fixed cell was sputtered with Pt for SEM observation. S. aureus cells are spherical in shape with an average diameter ~0.5 μm.
Preparation of Electrodes
Carbon materials were firstly bath sonicated in ethanol solution for 30 min to make a homogenous dispersion at a concentration of 1 mg/mL (weighted by a precision balance, S5 XPE205, Mettler Toledo). 30 µL of the dispersion was drop-casted on a pre-polished glassy carbon (GC) rotary disk electrode (RDE, d t = 5 mm, area = 0.19625 cm 2 ). A similar mass loading (~0.030 mg or a mass density of ~0.152 mg/cm 2 ) was used for every carbon catalyst. After drying in an ambient environment, a drop of Nafion ethanol/water solution (0.5 wt%) was added. Afterwards, dried electrodes were used for electrochemical performance tests. Commercial 20 wt% Pt/C catalyst (Aldrich) was also loaded on GC electrode at similar mass density as a reference sample. At least five electrodes were prepared and tested for each carbon catalysts to ensure the reproducibility of results.
Electrochemical measurements
All electrochemical measurements were carried out using a potentiostat (CHI 660D) in a three-electrode configuration, with a graphite rod as the counter electrode, a SCE as Hz with the amplitude of 0.02 V. All reported potential was against a reversible hydrogen electrode (RHE) by adding 0.2444 + 0.0591×pH to the potential measured against the SCE.
Exchange current density calculation
The exchange current density (j 0 ) was obtained from extrapolation of the Tafel plots by fitting the linear part of the Tafel plot using the following equation:
Where b is the Tafel slope and a is the intercept on the y-axis. The obtained Tafel equations for the carbon catalysts are listed below: SA900: SA900Z:
SA900ZC:
The value of j 0 is determined when η = 0 V.
Normalization of j 0 for comparison
In order to compare j 0 of different catalysts more accurately, both the mass loading of catalysts and their effective electrochemical surface area should be considered. HER is a typical surface area, thus the effective electrochemical surface area could be evaluated by measuring the electrochemical double layer capacitance (C dl ) of a catalyst. C dl (mF/cm 2 ) was measured by the CV scan method. 2, 3 The CV curves were recorded at different scan rates in the potential window of 0.15-0.25 V vs RHE in a Na 2 SO 4 electrolyte (0.5 M). The narrow potential window avoids generating Faradic currents. The difference between S7 forward and backward CV scans (Δj= ‫|‬j a -j c ‫)|‬ at 0.2 V vs. RHE was plotted against the CV scan rate, and the data were fitted linearly by the equation , while the value of the slope ( ) is twice of the C dl value. (see Figure S1 ).
The value of C dl was normalized to mass by dividing it using the mass loading of each catalyst (µg/cm 2 ). The mass C dl value of SA900ZC (0.085 mF/µg) was set as the standard to divide other catalysts to obtain the normalized mass C dl . j 0 normalized by mass and area was then obtained by dividing the j 0 (by area) with the normalized mass C dl for each catalyst. The results are listed in Table S3 . This method of normalizing j 0 has been used in several previous studies. 2, 3 Figure S4 . EIS of the samples prepared here.
